Correspondence should be addressed to I.B. (buchwalow@pathologie-hh.de). The causes of non-specific background immunostaining might be different, but they have one thing in common: they may complicate the use of immunohistochemistry. Whereas unwanted background staining due to endogenous enzyme activities or endogenous biotin is no more a problem in contemporary immunohistochemistry, nonspecific antibody (Ab) binding leading to unwanted background staining remains subject to considerable debate. Among the possible causes of non-specific binding of Ab, attraction of primary and/or secondary Ab to endogenous Fc receptors (FcRs) was supposed to be the main source of unwanted staining.
It was theorized that FcRs can bind Fc region of Ab not only in vivo but also in immunohistochemical assays of cell and tissue samples. This concept is picked up over and over again in numerous publications, but we were unable to find out the original resource.
Since its inception half a century ago, this concept is being entertained in all reviews and handbooks on immunohistochemistry [4] [5] [6] [7] . According to this concept, preincubation with with 5-10% normal serum from the host species of the secondary Ab should prevent non-specific Ab binding to endogenous FcRs. Curiously, this is totally senseless in immunohistochemical assays of human probes, since the vast majority of secondary Ab used in human immunohistopathology come from goat and the goat (host species of the secondary Ab) serum was long ago reported not to bind to FcRs on human cells 8 . Preincubation with solutions containing goat normal serum was also assumed to prevent background staining resulting from a combination of ionic and hydrophobic interactions 5 . 17, 18 .
The list of recommendations of this kind can be extended, but their practicability is questionable and they are rarely -if any at all -used in praxis.
Furthermore, it was not explicitly documented, whether the non-specific binding of Fc fragments of Ab is a problem equally for frozen and paraffin-embedded tissue sections. On one hand, it was stated (no experimental support provided) that the non-specific staining due to attraction of Fc fragments to FcRs is more common in frozen sections than in routinely aldehyde-fixed paraffin-embedded tissue sections 19, 20 . See also websites:
(http://www.ihcworld.com/) and (http://www.dako.com/de/08002_ihc_staining_methods_5ed.pdf). On the other hand, the increased hydrophobicity of proteins after aldehyde fixation and paraffin embedding was claimed to increase the non-specific binding of the Fc portion of IgG Ab 7, 9 . Non-specific staining in paraffin sections was also alleged to happen because of attraction of the Fc portion of IgG Ab to basic groups present in collagen fibers 21 .
Taken together, the reports about the possible background immunohistochemical staining due to the non-specific Ab binding in frozen and paraffin-embedded tissue sections and in cytological preparations, are rather contradictory, most of these reports being rather outdated and lacking clear-cut experimental support. This prompted us to prove, whether the commercially available Ab do have a propensity to random non-specific binding in imunolabeling of routinely fixed cell and tissue probes.
RESULTS
In probes that were processed either with or without protein block, we did not observe any differences in immunostaining. Omission of incubation with primary Ab in negative controls also did not led to unwanted background stainings due to anticipated non-specific binding of secondary Ab in probes processed without the protein blocking step, which means that the protein block traditionally used in immunohistochemistry does not influence the quality of immunostaining.
Contrary to the speculative declaration that the unspecific background staining due to endogenous FcRs is more common for frozen sections and cell smears than for paraffinembedded tissue sections 19, 20 , the unspecific background staining has not appeared to be a problem with frozen tissue sections fixed either with formaldehyde ( Fig. 1a-c ) or with acetone, as well as with blood cell smears, cell culture monolayers and cytospins fixed in formaldehyde (not shown).
Likewise, in paraffin sections of formaldehyde-fixed human tissue probes ( Fig. 1d-f) ,
we have not observed any background staining allegedly ascribed to the increased hydrophobicity of proteins after aldehyde fixation and paraffin embedding 7, 9 . Contrary to the declaration that non-specific staining might happen in paraffin sections because of attraction of the Fc portion of IgG Ab to basic groups present in collagen fibers 21 , we did not observed any unspecific background immunostaining in paraffin sections of various collagen-rich tissues like inflammatory bone tissue (Fig. 1f) , bone tissue seen in bone marrow preparations (Fig. 2) or media and adventitia of artery wall (not shown).
In view that FcRs are expressed primarily on monocytes, macrophages, B cells, dendritic cells, neutrophils and platelets 2 , we paid special attention to probes where FcRsbearing cells can be found abundantly -in bone marrow preparations, spleen, tonsils and blood cell smears. Also in these cells, as shown with CD20 immunolabeling of human tonsils ( Fig. 1d) and with bone marrow preparations immunostained for CD20, CD61 and CD68
( Fig. 2) , no unwanted background was observed in probes processed with omission of the protein block prior to incubation with primary Ab. Likewise, no unwanted background was found in corresponding negative controls. This allowed us a conclusion that the endogenous FcRs do not retain their ability to bind Fc portion of IgG Ab after fixation routinely used in immunohistochemistry.
Having performed immunostaining using fluorophore-conjugated Ab, we have also found that omission of the protein blocking step did not led to non-specific background (Fig. 3) . All Ab were applied according to manufacturers' recommendations. For immunostainings, we used 45 mouse monoclonal and rabbit polyclonal primary Ab (Table 1) .
DISCUSSION
For bright-field microscopy, bound primary Ab were detected with EnVision Horse Radish Peroxidase (HRP) System (DAKO Corporation, Hamburg, Germany) or with AmpliStain™ HRP conjugate (SDT GmbH, Baesweiler, Germany) according to manufacturers' instructions.
HRP label was visualized using NovaRed substrate kit (Vector Laboratories, Burlingame, CA, USA). For fluorescence microscopy, we used goat secondary Ab conjugated with Cy3, Alexa
Fluor-488, Alexa Fluor-647 or with biotin. The latter was visualized using fluorophorelabeled streptavidin. Secondary system antibodies and other reagents used in this study are presented in Table 2 . Single and multiple immunofluorescence labeling were performed according to standard protocols routinely used in immunohistochemistry 23 . Immunostained sections were examined on a Zeiss microscope "Axio Imager Z1". Microscopy images were captured using AxioCam digital microscope cameras and AxioVision image processing (Carl Zeiss Vision, Germany). 
